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Abstract 
Magnetic alignment is a new crystal alignment process which enables tri-axial orientation without epitaxial growth at room 
temperature. In order to investigate the effectiveness of this magnetic tri-axial alignment process, we attempted to fabricate tri-
axially oriented ErBa2Cu4O8 (Er124) ceramics by a slip-casting technique under two different modulated rotation magnetic fields 
(MRFs); uni-directional rotation type and oscillation type. For improvement of the degrees of tri-axial orientation in the Er124 
green compacts slip-casted under MRFs, appropriate choice of sample-rotation method, magnetic field condition, control of mean 
diameter of source powders, and viscosity of slurry was found to be important in the case of MRFs induced by the sample-
rotation. At the current stage, the degree of inplane orientation with ~10° in Er124 was achieved.  
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1. Introduction  
Rare-earth (RE)-based cuprate superconductors have high critical temperatures (Tcs) and are candidates for 
superconducting bulk magnets and cables which can be operated at liquid nitrogen temperature. However, their 
anisotropic crystal structures which contain two-dimensional superconducting CuO2 plane and one-dimensional 
blocking chain layer lead to anisotropic critical current densities (Jcs), J//ab > J//c [1]. Furthermore, an increase in 
misorientation angle in a bi-crystal of YBa2Cu3Oy induces serious reduction of its intergrain Jc [2, 3] even for c-
oriented materials. Therefore, the formation of bi- or tri-axial grain-oriented microstructure is indispensible for the 
improvement of Jc in RE-based cuprates. So far, epitaxial growth methods, such as thin film growth on single 
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crystalline substrates and melt-solidification with seed crystals, have been chosen to obtain bi-axially oriented 
microstructures of (RE)-based cuprates.  
Recently, tri-axial magnetic alignment using a modulated rotation magnetic field (MRF) (Fig.1) has been 
reported [4]. This magneto-scientific method has a large potential to be extensively applied for the improvement of 
functional polycrystalline materials including (RE)-based cuprate superconductors. Our group has already reported 
magnetic tri-axial alignment of Y2Ba4Cu7Oy (Y247) and REBa2Cu4O8 (RE124) powders in epoxy resin under the 10 
T of MRF and the degrees of inplane orientation with < 2° [5, 6]. However, in order to apply this magneto-scientific 
process for the fabrication of tri-axially oriented superconducting ceramics using colloidal solution with remarkably 
lower viscosity (K~ 10-3 Pa s) compared to epoxy resin (K ~ 40 Pa s), optimization of not only K but also various 
parameters including type of RE, magnetic field conditions, and mean diameter of powders, are required.  
In the present study, we focused on twin-free ErBa2Cu4O8 (Er124) as an appropriate RE124 for the fabrication of 
tri-axially aligned cuprate ceramics. This is because superconducting CuO2 plane can be arranged parallel to the 
horizontally rotating magnetic field due to its first easy axis for magnetization parallel to the b-axis direction [7] 
Moreover, influence of viscosity on the degrees of orientation should be taken into account in the case of the MRFs 
induced by rotation control of sample. By a slip-casting technique using colloidal solution (slurry) of Er124, we 
attempted to fabricate Er124 ceramics aligned under two different MRFs; unidirectional rotation type of MRF (Fig. 
2(a)) and oscillation type of MRF (Fig. 2(b)), and clarified the degrees of tri-axial orientation for their magnetically 
aligned Er124 green compacts.  
2. Experimental details 
Single crystals of Er124 were synthesized under ambient pressure by a flux method [8]. Powders of starting 
materials, Er2O3, BaCO3, and CuO, were weighed in a molar ratio of RE : Ba : Cu = 1 : 2 : 4 and were mixed 
thoroughly with ethanol in an agate mortar. The precursor powder (ErBa2Cu3Oy + CuO) was prepared by solid state 
reaction in air at 800°C - 915°C with several grindings, and was mixed with KOH as a flux compound in an alumina 
crucible. A mixture ratio was precursor powder : KOH = 5 : 6 in weight and heated 780°C to 720 °C with a cooling 
rate of 0.6 °C/h. After the crystal growth,the crystals were washed with distilled water and then ethanol with 
ultrasonic wave to remove the flux. Er124 powders pulverized by ball-milling for 20 h were separated by stainless 
sieve. These particle diameters (d) determined from image analysis were approximately d = 1 and 5 Pm. The fine 
powders of Er124 were mixed in ethanol as dispersed medium with dispersant and poly-vinyl-butyral (PVB). Note 
that PVB was added in various concentrations (x = 5~ 20 wt.%) to control viscosity (K) of slurry. The weight ratio 
of the Er124 powder / dispersant was 1 : 10.   
      The prepared slurry was slip-casted in the two different MRFs of P0Ha =3 T, as schematically shown in Fig. 2. In 
the case of the uni-directional rotation type (Fig. 2(a)), details of the rotation control were reported elsewhere[6,7]. 
In the case of the oscillation type (Fig. 2(b)), the slurry was oscillated in the angle region (I= 10° ~ 120°) and the 
rotation speed (:= 20 ~ 30 rpm). The degrees of orientation of the obtained green compacts were evaluated from 
the pole-figure measurements for (017) peaks using CuKD radiation. 
 㩷
Fig. 1 Schematics of tri-axial orientation in a modulated rotating 
magnetic field (MRF), and measured surfaces  (DEandJ for XRD. 
㩷
Fig. 2 The schematics of Two different types of MRF. 
(a) Unidirectional rotation type and (b) oscillation rotation type.㩷
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3. Results and Discussion 
 
Figs. 3(a) and 3(b) show pole figure mappings of (017) diffraction spots for the Er124 green compacts slip-
casted under oscillation type (I = 20°) and unidirectional rotation type (tr = 2 s) of MRFs (P0Ha = 3 T, : = 20 rpm) 
using the slurry with x = 15 wt. %, respectively. The diffraction spots of these two mappings exhibited twofold 
symmetry basically; therefore both Er124 green compacts in Fig. 3 were tri-axially oriented. However, the degrees 
of streaking of the spots in the circumferential direction were dependent on the rotation process of the slurry, which 
leads to the difference in the degrees of inplane orientation. In details, values of FWHMs ('Z) determined from line 
profiles of the (017) peaks in the circumferential direction were 9.4° and 14.9° for the oscillation type and 
unidirectional rotation type of MRFs, respectively. Clearly, the degrees of inplane orientation for the oscillation type 
are higher than those for the unidirectional rotation type. This is probably because, in the case of the unidirectional 
rotation type, the resting process was largely affected by the inertial force generated in the rotation process, which 
leads to the insufficient alignment of the first easy axis for magnetization. This effect was found to be sensitive to K 
of the slurry. Fig. 4 shows a change in 'Z for the Er124 green compacts slip-casted in the unidirectional rotation 
type of MRF (P0Ha = 3 T, : = 7 rpm, tr= 4sec) as a function of K. The degrees of the inplane orientation were 
obviously improved with the increase in K, which can be understood in terms of improvement of the resting effect 
(or the effect of static field) in the MRF owing to the reduction of the inertial force induced by the increase in K.  
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Fig. 3 Pole figure mappings at (017) Er124 green compacts  (d ~ 5Pm, x= 15 wt. %) 
fabricated under P0Ha = 3 T , :  = 20rpm, by (a) oscillation type of MRF, (I= 20°) , 
and (b) unidirectional type of MRFwith tr = 2 sec.  
Fig. 4 Changes in the in-plane 'Z values as a 
function of K for the magnetically aligned Er124 
green compacts.  
Figs. 5(a), 5(b), and 5(c) show pole figure mappings of the (017) peak for magnetically aligned Er124 green 
compacts (d ~1 Pm,  x = 15 wt. % P0Ha = 3 T, : = 20 rpm) which were slip-casted in the oscillation type of MRF 
withI  = 45°, 70°, and 120°, respectively. Tri-axial orientation was basically accomplished for the obtained Er124 
green compacts, and, moreover, these mappings were similar one another. However, compared with the mapping of 
the magnetically aligned Y247 powder sample in epoxy resin [9], the spots were clearly broadened in both 
circumferential and radial directions. This means that the degrees of tri-axial orientation of the Er124 green 
compacts became worse. Fig. 5(d) shows a pole figure mapping of the (017) peak for magnetically aligned Er124 
green compacts (d ~5 Pm, P0Ha = 3 T, : = 20 rpm) which were slip-casted in the oscillation type of MRFs withI  = 
45°. Remarkably, sharpness of the reflection spots was increased by the utilization of larger grains of Er124 powders 
as the source material; therefore the degrees of tri-axial orientation were improved.   
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Fig. 5 Pole figure mappings  at (017) for the Er124 green compacts (d ~ 1Pm, x = 15 wt. %) aligned in oscillation type of MRFs (P0Ha = 3 
T  and :  = 20 rpm) with I= (a) 45°, (b) 70°, and (c) 120°, and (d) the result of Er124 green compacts (d ~ 5Pm, x = 15 wt. %) aligned in 
oscillation type of MRF (P0Ha = 3 T  and :  = 20 rpm) with I= 45°.㩷
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Finally, in order to quantitatively understand the degrees of inplane orientation for the obtained Er124 green 
compacts, values of FWHMs ('Z) for line profiles of the (017) peaks in the circumferential direction were 
determined on the magnetically aligned Er124 green compacts with d = 1 Pm and 5 Pm, and I dependences of their 
'Z values were shown in Fig. 6. In both cases, the 'Z values were almost unchanged for a change in I. However, 
the increase in the mean diameter of starting Er124 powders directly leads to the improvement of the inplane 
orientation. In detail, the degrees of the inplane orientation for the case of d ~ 1 Pm showed 'Z > 20°, whereas 
those for d ~ 5 Pm exhibited approximately 10°. This indicates that particle diameter is an important factor for the 
improvement of the degrees of tri-axial orientation in the case of slip-casting using slurry with relatively lower 
viscosity. 
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Fig. 6 Changes in the in-plane 'Z values as a function I for the magnetically aligned Er124 green compacts.㩷
 
4. Conclusion 
 
Tri-axially aligned Er124 green compacts were fabricated by the two different types of MRFs at room 
temperature. The degrees of inplane orientation with 'Z ~ 10° were achieved for d ~ 5 Pm and  x = 20 %  under the 
oscillation type of MRF with P0Ha= 3 T, I = 20° and : = 20 rpm. Optimization of the magnetic field conditions and K of slurry is important for the fabrication of quasi-single-crystalline bulks of the RE-based cuprates with high 
degrees of inplane orientation in the case of the oscillation type of MRF.   
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